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display. A position of the power required indicator and the
power available indicator represent the power available and
power required to perform a hover flight maneuver. The
power safety system may be operated in a flight planning
mode or in a current flight mode. The power safety system
uses at least one sensor to measure variables having an effect
on the power required and the power available.

18 Claims, 4 Drawing Sheets

317

315~

f 303
/‘ 305

/307




US 9,352,849 B2

Page 2
(56) References Cited 2013/0120165 Al* 5/2013 McCollough ........... B64C 27/04
340/946
U.S. PATENT DOCUMENTS 2015/0130644 A1* 52015 Kiel .o, B64D 47/04
340/953
5,150,117 A 9/1992 Hamilton et al. 2015/0321769 Al* 11/2015 McCollough .......... B64C 27/04
5915273 A *  6/1999 Germanetti 73/178 H 340/946
7,212,942 B2*  5/2007 Vollum ... . G071(I;1/31/§471 OTHER PUBLICATIONS
3k
7414544 B2 §/2008 Oltheten .............. G01]3)4(7);82§ First Office Action dated Feb. 25, 2015 from counterpart CN App.
7,801,695 B2* 9/2010 Moeckly et al. ............. 702/104  No.201080070916.4.
9,035,802 B2* 5/2015 McCollough ........... B64C 27/04 Office Action dated Aug. 1, 2014 from counterpart CA App. No.
340/438 2,820,001
2004/0254741 Al 12/2004 Vollum International Search Report and the Written Opinion of the Interna-
2004/0254747 Al* 12/2004 Vollum .....cocovvvvvnn.. GO1L 3/24 tional Searching Authority dated Feb. 14,2011 from counterpart PCT
702/50 App. No. PCT/US10/061701.
2006/0287778 Al* 12/2006 Oltheten ................ GO01D 7/002 Second Office Action dated Oct. 22, 2015 from counterpart CN App.
701/1 No. 201080070916 .4.
2008/0136677 Al* 6/2008 Clarketal. ....c.ccooeeeee. 340/969 European Search Report dated Jan. 5, 2016 from counterpart EP App.
2008/0198040 Al* 8/2008 Cottet ...ococvvvrvvrrrvenenne 340/971 No. 15174684.9.
2009/0138142 Al 5/2009 Still et al.
2010/0161247 Al 6/2010 Moeckly * cited by examiner



U.S. Patent May 31, 2016 Sheet 1 of 4 US 9,352,849 B2

101

103

301

FIG. 2



U.S. Patent May 31, 2016 Sheet 2 of 4 US 9,352,849 B2

301 “k

f 303
f 305

317 ]

315

/ 307

319

309

FIG. 3



U.S. Patent May 31,2016  Sheet 3 of 4 US 9,352,849 B2
401
CALCULATE /
ROTORCRAFT |/~ 403
WEIGHT AT
TAKE-OFF
406
‘405—\ \ 407—1 ! ! f—
ACCOUNT ACCOUNT
AC(FDSENT FOR FOR OTHER
CHANGES IN CHANGES IN CHANGES IN
FUEL WEIGHT CARGO HOOK ROTORCRAFT
LOAD WEIGHT
409\ |
CURRENT |«
ROTORCRAFT ¢
WEIGHT 421
411 - 423\
A\ PROCESS DATA
OUTSIDE » IN IGE OR OGE REAL-TIME
AIR TEMP » USINGHOVER |» POWER
(OAT) »| PERFORMANCE REQUIRED
PR
4137 | DATA (PR)
PRESSURE
ALTITUDE v
(Hp) POWER
415 | SEAR REQUIRED
- ABOVE WAT
WEIGHT/ | M > INDI;P%TOR
ALTITUDE/ 311
OAT (WAT) BELOW WAT
CALCULATION| L—» JMIT - OK
419 —

FIG. 4




U.S. Patent May 31, 2016 Sheet 4 of 4
503 501
1 ENGINE
TORQUE
505 OUTSIDE
1 AIR TEMP s 513
(OAT) -
5077 GAS ‘|conDuCT POWER
PRODUCER »  ASSURANCE
5091 SPEED (Ng) CHECK
PRESSURE >
ALTITUDE
(Hp) 515
571 A 4 f‘
\ GAS
TEMPERATURE ADJUST FOR
(MGT) ABOVE/BELOW
MIN-SPEC ENGINE
517-1
CUSTOMER s 525
BLEED AIR
»  CALCULATE
5191 OUTSIOE .| INSTANTANEOUS
AIR TEMP POWER
(OAT) AVAILABLE
521 g
_\ GENERATOR
s LOAD 3
\ PRESSURE POWER
ALTITUDE AVAILABLE
(Hp) INDICATOR

FIG. 5

313

US 9,352,849 B2




US 9,352,849 B2

1
POWER SAFETY INSTRUMENT SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/641,325, filed 30 Jan. 2013, titled “Power Safety
Instrument System,” which is a National Stage Entry of P.C.T.
Application No. PCT/US2010/061701 filed 22 Dec. 2010,
titled “Power Safety Instrument System,” both of which are
hereby incorporated by reference for all purposes as if fully
set forth herein. Also, U.S. Pat. No. 7,414,544 to Oltheten et
al., is hereby incorporated by reference.

TECHNICAL FIELD

The system of the present application relates to a flight
instrument for an aircraft. In particular, the system of the
present application relates to a power safety instrument for a
rotorcraft.

BACKGROUND

The power required to operate a rotorcraft may substan-
tially change during the flight path of the rotorcraft. A rotor-
craft typically requires substantially more power during a
hover, compared to when the rotorcraft is traveling forward at
a moderate airspeed. For example, as the rotorcraft is slowed
to a landing, the increased power requirement at hover can
consume all the power that the engine(s) have available (par-
ticularly with a heavy aircraft at a hot temperature and high
altitude environment) causing loss of rotor rpm, an uncon-
trolled descent, and possibly a crash landing. Furthermore,
the exact power required during hover is affected by a variety
of variables, such as pressure altitude and air temperature.

Typically, a pilot will make pre-flight calculations to pre-
dict if the rotorcraft will have adequate power available to
make an approach to hover. The pilot will typically make
these pre-flight calculations by collecting information from
several sources. The calculations may include an estimate of
the power required by the aircraft to fly at hover at a specific
location. Another calculation may include an estimate of the
power available by the aircraft at hover at the specific loca-
tion. The power available and power required calculations are
then compared to in order to predict sufficient power margin.

Typically, the aforementioned power available and power
required calculations are performed by the pilot on the ground
in consultation with relevant performance charts in the rotor-
craft flight manual. Ifthe expected flight involves performing
a hover landing at a landing site that is different than the
departure site, then the pilot must make educated guesses
regarding certain conditions at the time of landing. For
example, the pilot will typically make an educated guess in
predicting the approximate weight of the rotorcraft at the time
of'landing. In addition, the pilot will make an educated guess
regarding the predicted air temperature and pressure altitude
at the landing site. Each of these variables can be difficult to
accurately predict.

There are many potential error opportunities due to the
pilot having to read one or more charts, as well as make
predictions regarding future flight conditions and atmo-
spheric conditions. Furthermore, pilots typically are very
conservative in order to allocate margin for any calculation
errors. As a result, many rotorcraft are not fully utilized as
pilots protect themselves and passengers from small but con-
sequential errors and in-flight changes in the predicted vari-
ables (aircraft weight, outside air temperature, and pressure
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altitude). For example, a rotorcraft may make two separate
flights transporting passengers from a departure site to a
destination site when in fact the rotorcraft was fully capable
of'performing the task in a single flight. Such underutilization
of rotorcraft cost rotorcraft operators an enormous amount of
time and money over the life of a rotorcraft.

Although the developments in rotorcraft flight instrumen-
tation have produced significant improvements, considerable
shortcomings remain.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the system of
the present application are set forth in the appended claims.
However, the system itself, as well as a preferred mode of use,
and further objectives and advantages thereof, will best be
understood by reference to the following detailed description
when read in conjunction with the accompanying drawings,
in which the leftmost significant digit(s) in the reference
numerals denote(s) the first figure in which the respective
reference numerals appear, wherein:

FIG. 1is a side view of a rotorcraft according the preferred
embodiment of the present application;

FIG. 2 is a partial perspective view of a cockpit portion of
the rotorcraft from FIG. 1;

FIG. 3 is aschematic view of a power safety system accord-
ing to the preferred embodiment of the present application;

FIG. 4 is a schematic view of a calculation of power
required calculation, according to the preferred embodiment
of the present application; and

FIG. 5 is a schematic view of a calculation of power avail-
able calculation, according to the preferred embodiment of
the present application.

While the system of the present application is susceptible
to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in
the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific
embodiments is not intended to limit the method to the par-
ticular forms disclosed, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the application as defined by the
appended claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Iustrative embodiments ofthe system of the present appli-
cation are described below. In the interest of clarity, not all
features of an actual implementation are described in this
specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve
the developer’s specific goals, such as compliance with sys-
tem-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex
and time-consuming but would nevertheless be a routine
undertaking for those of ordinary skill in the art having the
benefit of this disclosure.

In the specification, reference may be made to the spatial
relationships between various components and to the spatial
orientation of various aspects of components as the devices
are depicted in the attached drawings. However, as will be
recognized by those skilled in the art after a complete reading
of'the present application, the devices, members, apparatuses,
etc. described herein may be positioned in any desired orien-
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tation. Thus, the use of terms such as “above,” “below,”
“upper,” “lower,” or other like terms to describe a spatial
relationship between various components or to describe the
spatial orientation of aspects of such components should be
understood to describe a relative relationship between the
components or a spatial orientation of aspects of such com-
ponents, respectively, as the device described herein may be
oriented in any desired direction.

Referring to FIGS. 1 and 2, a rotorcraft 101 having a power
safety system 301 is illustrated. Rotorcraft 101 has a fuselage
105 and rotor system 103. Rotor system 103 includes a plu-
rality of rotor blades driven by a rotor mast and at least one
engine. In the preferred embodiment, the engine(s) is a tur-
bine engine; however, other engines may be used. Rotor sys-
tem 103 is configured to provide propulsive forces for flying
in at least a hover mode and a forward flight mode. Rotorcraft
101 includes a plurality sensors 309 configured to conduct
and record a variety of measurements, such as a fuel gauge,
cargo hook load cell, air temperature gauge, altimeter, engine
torque gauge, gas producer speed gauge, gas temperature
gauge, engine bleed air indicator, main rotor mast torque
sensor, fuel flow gauge, and generator load gauge, to name a
few. Rotorcraft 101 also includes a cockpit 107 for housing a
power safety instrument 303 of power safety system 301. It
should be appreciated that cockpit 107 may any of a variety of
cockpit designs, including a “glass cockpit” design in which
one or more instruments (such as power safety instrument
303) are digitized and graphically displayed on a screen. It
should be appreciated that even though rotorcraft 101 is
depicted as a helicopter; the scope of the present application
is not so limited. For example, rotorcraft 101 may be any
aircraft capable of performing a vertical take-off, a vertical
landing, or hover. As such, rotorcraft 101 may be a helicopter,
atiltrotor, a tilt-wing aircraft, a hybrid aircraft, or a vertically
landing jet aircraft, to name a few. Rotorcraft 101 may also be
an unmanned aircraft. An embodiment of power safety sys-
tem 301 designed for an unmanned aircraft is preferably
configured to provide the power safety instrument 303 infor-
mation to a remote operator of the aircraft through telemetry,
orthe like. If the unmanned aircraft does not require a remote
operator, then the power safety instrument 303 information
may be processed directly by the aircraft system responsible
for flying the unmanned aircraft.

Referring to FIG. 3, an embodiment of a power safety
system 301 is illustrated. Power safety system 301 preferably
includes a power safety instrument 303, a calculation unit
307, at least one sensor 309, and at least one data input device
319. Power safety instrument 303 is configured for installa-
tion in cockpit 107 of rotorcraft 101. Power safety instrument
303 includes a power gauge 315 visibly portrayed on a dis-
play 305. Power gauge 315 preferably includes a power
required (PR) indicator 311, a power available (PA) indicator
313, and a power usage needle 317. Power gauge 315 includes
numbers 1 through 14, along with respective hatch marks,
which are non-dimensional and are provided for reference
only.

Power safety system 301 includes a plurality of sensors,
such as sensors 309 on rotorcraft 101, which are schemati-
cally represented as sensors 309 in FIG. 3. Sensors 309 are
configured to sense various parameters. A data input device
319 is configured for manual entry of data. Data input device
319 may be a variety of hardware devices, such as a keyboard,
a numeric keypad, twist knob, or a touch screen portion on
display 305, to name a few examples. A calculation unit 307
is configured to process data provided by sensors 309 and data
input device 319, as discussed further herein. Calculation unit
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307 may be any processor capable of storing and processing
a data for communicating to the pilot via power safety instru-
ment 303.

Power safety instrument 303 conveniently displays power
required (PR) via PR indicator 311, power available (PA) via
PA indicator 313, and power usage via power usage needle
317, all instantaneously calculated and updated. Thus, the
pilot of the rotorcraft is oriented as to how much power
margin will be available as he brings the rotorcraft into a
hover landing. For purposes of this disclosure, power margin
is the difference between PA and PR to operate at a hover, as
visually depicted by PA indicator 313 and PR indicator 311,
respectively.

It should be appreciated that power safety instrument 303
may take on a wide variety of configurations. Outputs from
power safety instrument 303 may be communicated to the
pilot in a variety of methods, including visually, audible,
and/or through a sensory touch system such as a vibration
cue, to name a few. Furthermore, even though PR indicator
311 and PA indicator 313 are depicted as triangular shapes,
each indicator 311 and 313 may be configured in a wide
variety of shapes and colors. Similarly, power safety instru-
ment 303 may take on a wide variety of configurations. Fea-
tures of power safety instrument 303 may be integrated into
other instruments within cockpit 107.

Referring now also to FIG. 4, calculation unit 307 calcu-
lates instantaneous power required (PR) in a PR calculation
401. PR is visually depicted to the pilot with PR indicator 311
on power gauge 315. PR calculation 401 includes a step 403
for calculating the take-off weight of rotorcraft 101. In one
embodiment, the pilot simply calculates the take-off weight
of rotorcraft 101 by adding the fuel weight, passenger/cargo
weight, and any other weight contributing articles. The pilot
then inputs the rotorcraft take-off weight via data input device
319. In another embodiment, a landing gear sensor automati-
cally calculates the take-off weight and sends the data to
calculation unit 307. As an added safety measure, PR calcu-
lation 401 is configured so that if the pilot does not enter a
rotorcraft weight at take-off, then the rotorcraft’s maximum
gross weight is used as the default. Power safety system 301
is configured to communicate a message on display 305
reminding the pilot to enter and/or verify rotorcraft weight
prior to take-off. For example, if a pilot briefly lands rotorcraft
101 to take-on two additional passengers without shutting
down, then a weight-on-gear-sensor informs power safety
system 301 that the rotorcraft has landed, thereby instigating
a message on display 305 for the pilot to enter the new
rotorcraft weight prior to take-off.

A step 405 includes accounting for any change of in the
weight of fuel in rotorcraft 101. For example, as the rotorcraft
burns fuel during operation, step 405 includes accounting for
changing the current rotorcraft weight in accordance with the
amount of fuel consumed. The weight of the burned fuel may
be calculated by various means, such as a fuel flow measuring
device, or by simply accounting for changes in the fuel tank
gauge. A step 407 includes accounting for changes in a cargo
hook load. Some rotorcraft may include a cargo hook for
supporting external loads. As such, a load cell device may be
used to measure changes in the cargo hook load. Other sen-
sors and devices may be used to account for changes to the
rotorcraft weight during operation. For example, if the rotor-
craft is a military aircraft with munitions (bullets, missiles,
rockets, and the like), the deployment of a munition causes
the rotorcraft weight to change. A step 406 includes account-
ing for any other changes to the weight of the rotorcraft.
Furthermore, step 406 includes the pilot manually inputting
any known change to the weight of the rotorcraft. For
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example, if the pilot knows he has just lost 500 pounds during
flight (paratroopers, cargo drop, etc.), then step 406 includes
the pilot accounting for the weight change with an entry with
data input device 319. Step 406 also includes automatically
accounting for any changes to the rotorcraft weight when
such a weight changing activity is measured or accounted for
by any sensor 309.

A step 409 represents the real time weight of the rotorcraft
during operation, after accounting for weight changes during
operation of rotorcraft 101. As the weight of the rotorcraft
decreases, the power required to operate the rotorcraft at
hover also decreases. If the weight of the rotorcraft increases
during operation (via cargo hook for example), then the
power required to operate the rotorcraft at hover also
increases.

A step 411 includes continuously measuring outside air
temperature (OAT) with an OAT probe, or other temperature
measuring device. OAT affects the power required to operate
the rotorcraft at a hover. For example, generally air at a higher
OAT is less dense than air at a lower OAT, for a given altitude.
As such, the PR to operate the rotorcraft at hover is a function
of OAT. For example, OAT may influence PR due to main
rotor blade tip Mach effects. The effect of OAT on PR is
preferably determined using a look-up table in calculation
unit 307. In such an embodiment, rotorcraft specific perfor-
mance data correlating OAT to PR is stored in a look-up table
data format within calculation unit 307, or other data storage
device operably associated with calculation unit 307. In an
alternative embodiment, OAT measured data may be used to
calculate PR using rotorcraft performance equations.

A step 413 includes continuously calculating the pressure
altitude (Hp), which is the air pressure at a particular altitude.
Hp affects the power required to operate the rotorcraft at a
hover in part because air at a higher pressure is more com-
pressed and denser, than air at a lower pressure. As such, the
PR to operate the rotorcraft at hover is a function of Hp. The
effect of Hp on PR is preferably determined using a look-up
table in calculation unit 307. In such an embodiment, rotor-
craft specific performance data correlating Hp to PR is stored
in a look-up table data format within calculation unit 307, or
other data storage device operably associated with calcula-
tion unit 307. In an alternative embodiment, Hp measured
data may be used to calculate PR using rotorcraft perfor-
mance equations.

It should be appreciated that other data may be measured
and used in the calculation of PR. For example, air humidity
and wind speed may also be used in the calculation of PR. In
certain situations, wind speed may be measured at a hover
site. The measured wind speed data can be communicated to
the pilot for manual entry via data input device 319. For
example, instrumentation at a landing site may measure wind
speed and communicate that to the pilot via VHF radio com-
munication. Regardless as to how the pilot is informed of
wind speed at the landing site, the pilot may enter the wind
speed data via data input device 319. Additionally, a real-time
outside air velocity, measured relative to the rotorcraft, may
be determined by a low air velocity sensor on the rotorcraft,
the outside air velocity data being automatically sent to cal-
culation unit 307. It should be appreciated that alternatively
the pilot may input the outside air velocity data into calcula-
tion unit 307. The effect of outside air velocity on PR is
calculated in calculation unit 307. System 301 may be con-
figured such that outside air velocity data is used in the cal-
culation of PR only if the outside air velocity exceeds a
minimum threshold. For example, a minimum threshold of a
10 knot outside air velocity may be used.
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A step 421 includes processing the data recorded in steps
409, 411, and 413 using rotorcraft hover performance data to
derive real-time PR in a step 423. Hover performance data is
stored in calculation unit 307. PR may be derived for at least
an in-ground effect (IGE) hover or out-of-ground effect
(OGE) hover. OGE can be characterized as performing a
hover of the rotorcraft above a distance of approximately one
rotor diameter from the ground, or other hard surface. For
example, if the rotor diameter is 37 feet, then a hover within
37 feet of the ground would be considered an OGE hover. IGE
hover includes a rotorcraft hover performed at a certain dis-
tance to the ground. The IGE distance is typically defined by
a rotorcraft manufacturer as a hover where the landing gear is
a within a certain distance to the ground. IGE hover requires
less power than OGE due to ground effect influences associ-
ated with the downwash of the rotor blades causing a high
pressure area between the rotor blades and the ground. In the
preferred embodiment, power safety instrument 303 includes
atoggle or other input device so that the pilot may dictate that
the PR be calculated based upon IGE or OGE. Alternatively,
IGE or OGE may be automatically determined by one or more
sensors 309 on the rotorcraft 101. It should be appreciated
that certain landing site conditions may negate ground effect
influences upon hover, such as hovering above long grass or
water. As such, system 301 is configured so that the pilot can
dictate PR to be calculated based upon IGE or OGE.

Furthermore, power safety instrument 303 may be config-
ured to graphically communicate to the pilot that PR indicator
311 is being calculated based on IGE hover or OGE hover. For
example, PR indicator 311 may have a “I” character associ-
ated with PR indicator 311 to communicate to the pilot that
PR is currently being calculated based upon a IGE hover.
Similarly, PR indicator 311 may have an “O” character asso-
ciated with PR indicator 311 to communicate to the pilot that
PR is currently being calculated based upon an OGE hover.
As an added safety measure, power safety system 301 may be
configured to default to OGE since it requires more power to
perform an OGE hover than an IGE hover. As such, if the
rotorcraft has enough power to perform an OGE hover, then it
has enough power to perform an IGE hover. An example of an
IGE hover is taking off or landing at a helipad. An example of
an OGE hover is a logging rotorcraft hovering above a tree
line waiting for ground personnel to connect a sling load of
lumber, the hovering distance being such that PR is calculated
using OGE.

Rotorcraft hover performance data is typically supplied by
the rotorcraft manufacturer in a graphic chart format. Power
safety system 301 preferably includes the mathematical rela-
tionships of the rotorcraft hover performance data in elec-
tronic format so that a computer processor in calculation unit
307 may calculate PR based upon the real time data collection
in steps 409, 411, and 413. Step 423 represents the real time
calculation of PR. The real time calculation of PR is graphical
displayed on power safety instrument 303 via PR indicator
311.

A step 415 includes a weight-altitude-temperature (WAT)
calculation. The WAT calculation is compared to a WAT limit
associated with the rotorcraft. The WAT limit of the rotorcraft
represents an aircraft limitation at a certain combination of
aircraft weight, altitude, and OAT. Step 415 includes calcu-
lating the WAT calculation by analyzing the real time data
acquired in steps 409, 411, and 413. If the WAT calculation is
below the rotorcraft WAT limit, then the WAT calculation
does not produce a limitation, as depicted in step 419. How-
ever, if the WAT calculation is equal to or above the rotorcraft
WAT limit, then the WAT calculation does produce a limita-
tion, as depicted in step 417. As such, when the WAT calcu-
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lation exceeds the rotorcraft WAT limit, then power safety
system 301 is configured to communicate that to the pilot. In
one embodiment, PR indicator 311 changes size, shape, or
color so that the pilot knows that if he or she attempts to
perform a hover at the current weight/altitude/OAT, then the
WAT limit will be exceeded, possibly causing loss of aircraft
control during the attempt to perform the hover. The afore-
mentioned transformation of PR indicator 311 prevents the
pilot from incorrectly thinking it is safe, to perform a hover,
take-off, or landing, even though power safety instrument 303
may depict sufficient margin between PA indicator 313 and
PR indicator 311.

Referring now to FIG. 5, calculation unit 307 calculates
instantaneous power available (PA) in a PA calculation 501.
PA is visually depicted to the pilot with PA indicator 313 on
power gauge 315. PA calculation 501 includes a step 513 for
conducting a power assurance check of the engine(s) of rotor-
craft 101. Conducting a power assurance check in step 513
includes acquiring data from one or more sensors 309 in order
to evaluate the health and performance of the engine. A power
assurance check may be conducted to verify the engine is able
to meet minimum requirements. Furthermore, the power
assurance check may be conducted to quantity performance
of the engine. Typically, rotorcraft engine(s) are initially
delivered above “min-spec”, meaning the performance of the
engine provides more power available than is stated in the
rotorcraft specification and power available charts. For
example, if an engine is 6% above min-spec, then the engine
has approximately 6% more power available than a min-spec
engine, at the same ambient conditions. However, unless the
pilot is able to account for the 6% above min-spec power, the
pilot isn’t able to confidently take advantage of the above
min-spec power available during flight operations. It should
also be appreciated that engine performance may degrade
over time, thus it is important for the pilot to be able to account
for engine degradation in order to continue safe operation of
the rotorcraft.

A variety of measurements may be taken in order to con-
duct the power assurance check in step 513. For example, a
step 503 includes measuring the torque produced by the
engine in the rotorcraft. A step 505 includes measuring the
OAT which affects the power produced by the engine. A step
507 includes measuring the gas producer speed (Ng) of the
engine. A step 509 includes measuring the pressure altitude
(Hp), which affects the power produced by the engine. A step
511 includes measuring the gas temperature (MGT), which
affects the power produced by the engine. It should be appre-
ciated that any combination of measurements may be taken in
order to conduct the power assurance check in step 513,
including measurements other than depicted in steps 503,
505, 507, 509, and 511.

The power assurance check of step 513 is performed peri-
odically, such as in a hover or forward flight procedure. The
power assurance check of step 513 may also be performed
during a pre-flight procedure. Additionally, the power assur-
ance check of step 513 may be conducted by the pilot, or it
may occur autonomously without requiring pilot interaction.
Preferably, calculation unit 307 records a rolling average of
the most recent power assurance checks. For example, the
result of the ten most recent power assurance checks may be
averaged to derive a power assurance calculation. In another
embodiment, the power assurance check of step 513 may
simply provide a pass/fail result, a passing result meaning that
the engine meets the requirements of a min-spec engine.

A step 515 includes interpreting the power assurance data
from step 513 in order to determine the performance of the
engine in terms of a percentage above or below min-spec. In
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one embodiment, power assurance data from step 513 is
compared with min-spec engine power, thus arriving at per-
centage above or below min-spec power. In another embodi-
ment, the power assurance check from step 513 only provides
a pass/fail determination, such that step 515 includes deter-
mining a percentage above or below min-spec engine based
upon an input from the pilot. For example, if the pilot knows
the rotorcraft has a +10% engine (10% above min-spec), then
the pilot enters that into power safety system 301 via data
input device 319. Alternatively, step 515 may be autono-
mously performed by calculation unit 307, or manually
entered by the pilot.

Preferably, step 515 also includes accounting for any rotor-
craft propulsion configuration which may aftect engine per-
formance. For example, an air inlet configuration on the rotor-
craft may increase or decrease power available. Furthermore,
an air inlet configuration may include a standard inlet, a
particle separator inlet, inlet barrier filter, and snow baffles, to
name a few. As such, a particular inlet configuration may
correlate to particular performance data to be used in the
calculation of PA in step 525. Therefore, step 515 includes the
ability for the pilot to enter information, with data input
device 319, regarding a configuration (such as air inlet con-
figuration) that in turn may dictate particular performance
data used in the calculation of PA by calculation unit 307.

A step 525 includes calculating instantaneous PA based
upon the above/below min-spec engine determination from
step 515, as well as a plurality of instantaneous measurements
from sensors 309. A step 517 includes measuring engine
bleed air being drawn from the engine. The measurement of
engine bleed air usage may include simply determining if the
engine bleed air switch is on or off. Alternatively, the mea-
surement of engine bleed air may include taking one or more
measurements to quantify an amount of bleed air being drawn
from the engine. Engine bleed air acts as a drain on engine PA,
as such, if engine bleed air is turned off, then PA increases. A
step 519 includes measuring OAT, which has an effect on PA.
A step 521 includes measuring the generator load on the
engine, which affects PA. For example, if the pilot turns off a
system that requires electrical power, then the generator load
onthe engine decreases, thereby causing the PA to increase. A
step 523 includes measuring the Hp, which similar to OAT,
has an effect on PA. It should be appreciated that any combi-
nation of measurements may be taken in order to conduct the
PA calculation in step 525, including measurements other
than depicted in steps 517, 519, 521, and 523. The instanta-
neous calculation of PA in step 525 is graphical displayed on
power safety instrument 303 via PA indicator 313.

In the preferred embodiment, the PA calculated in step 525
is limited by any rotorcraft limitation. For example, in certain
cases PA is limited by a transmission torque limit. In such a
situation, PA indicator 313 preferably does not exceed the
transmission torque limit. Therefore, the pilot can trust that
the position of PA indicator 313 is the absolute PA. In one
embodiment, PA indicator 313 includes a graphic to commu-
nicate to the pilot that the PA indicator 313 position is being
limited by the transmission torque limit, or other rotorcraft
limitation. For example, if the PA indicator 313 is being
limited by the transmission torque limit, then “T” is displayed
in the PA indicator 313. In alternative embodiment, PA indi-
cator 313 is not restricted by the transmission torque limit, or
other rotorcraft limitation.

In the case of a multi-engine rotorcraft, step 525 may also
be configured to process data in order to calculate PA for an
emergency landing maneuver upon the loss of an engine. For
example, if a multi-engine rotorcraft loses an engine, then PA
indicator 313 may be configured to represent the PA for the
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rotorcraft to perform an emergency landing maneuver in a
one-engine-inoperable (OEI) condition. As such, the pilot is
able to look at power safety instrument 303 and determine if
there is sufficient margin between the PR indicator 311 and
PA indicator 313 in order to perform an emergency landing
maneuver at the current atmosphere conditions and rotorcraft
configuration with OEI Further regarding an OEI condition,
if rotorcraft 101 were to lose an engine, then the remaining
engine(s) may be required to operate at an unsustainable
level. As such, power gauge 315 may be configured so that PA
indicator 313 visually forecast the PA at certain engine levels.
For example, if an engine is only able to operate 30 seconds at
an extremely high level, then the PA indicator 313 may visu-
ally communicate that the PA indicator position will decrease
after the 30 second time period expires. The operable engine
may then be able to run at a decreased level for two minutes
after the expiration of the 30 second time limit. Therefore, the
PA indicator 313 would move accordingly, then visually com-
municate that the current PA indicator position is valid for the
next two minutes. This process may continue if the engine is
operating at a PA that is sustainable. Such a feature of system
301 allows the pilot to quickly ascertain margin between PR
and PA during an OFEI condition for an multi-engine rotor-
craft.

Referring again to FIG. 3, power safety system 301 pro-
vides for efficient and safe operation of rotorcraft 101. During
operation of rotorcraft 101, power safety system 301 orients
the pilot in real-time so that the pilot can quickly and accu-
rately ascertain whether a hover landing or take-off'is achiev-
able. Moreover, power safety system 301 continuously dis-
plays PR and PA at the current rotorcraft location so that the
pilot, by observing the positions of PR indicator 311 and PA
indicator 313, may ascertain whether it is safe to perform a
hover at any time during the flight. Power safety system 301
also provides the ability of the pilot to make changes to the
weight of the aircraft in order to produce sufficient margin
between PR and PA to achieve the hover. A non-limiting
example is the pilot burning fuel for an extra 30 minutes for
the sole reason of reducing aircraft weight. Because PR and
PA are calculated in real-time, the pilot is able to burn just
enough surplus fuel as required to result in sufficient margin
between PR and PA for the desired hover.

The following non-limiting simplified flight scenario is
provided to illustrate power safety system 301 in operation. A
rotorcraft pilot is tasked with performing a search-and-rescue
(SAR) mission for a mountain climber. The pilot only has a
general idea of the area where the mountain climber may be
located. Because the pilot does not know the future hover
location, the pilot is unable to make an accurate pre-flight
calculation regarding whether the rotorcraft is able to perform
a hover at the unknown location. However, the rotorcraft is
equipped with power safety system 301. After, the pilot
locates the mountain climber and a landing area, the pilot
simply flies over the hover site while maintaining a sufficient
forward speed. Power safety system 301 records and pro-
cesses data necessary to calculate PA and PR to perform a
hover at the site. The pilot may also enter the mountain
climber’s weight into power safety system 301 via data input
device 319. The pilot looks at power safety instrument 303
and ascertains that there is sufficient margin between PR
indicator 311 and PA indicator 313 to perform the hover. The
pilot then slows the rotorcraft to a hover and safely performs
the hover at the hover site.

Power safety system 301 is preferably configured to oper-
ate in a flight planning mode, in addition to real-time flight
mode. Flight planning mode allows the pilot to predict PA and
PR at a future hover location. Power safety system 301 may
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be operated in flight planning mode either pre-flight or during
a flight. When power safety system 301 is being operated in a
flight planning mode during a flight, power safety instrument
303 preferably communicates to the pilot that power safety
system 301 is being operated in a flight planning mode so that
the pilot does not mistake the positions of PR indicator 311
and PA indicator 313 as being real-time flight positions.
Flight planning mode operation of power safety system 301
involves the pilot manually entering a predicted rotorcraft
weight, pressure altitude (Hp), and outside air temperature
(OAT), at the desired hover location. It should be appreciated
that OAT and Hp may be substituted with a density altitude
measurement. Furthermore, the pilot may be made aware of
hover site conditions through wireless communication, such
as VHF radio, from instrumentation at a landing site. Hp and
OAT at the desired hover site may be automatically commu-
nicated to power safety system 301 via wireless data transfer,
such as telemetry or the like. For example, if the desired hover
site is an improved landing site with weather instrumentation
connected to transmitter, then power safety system 301 may
automatically acquire the Hp and OAT data such that the pilot
only has to enter a predicted aircraft weight. Operation of
power safety system 301 in flight planning mode prevents
pilot errors associated with trying to read small paper charts.
Furthermore, operation of power safety system 301 in flight
planning mode allows the rotorcraft to be more fully utilized
by performing the calculations of PA and PR to a high level of
accuracy.

The flight planning mode is also configured for determin-
ing a maximum allowable weight of the rotorcraft while hav-
ing sufficient margin between PA and PR at hover. In such a
situation, the pilot enters a desirable amount of margin
between PA and PR, and enters the necessary data. System
301 calculates a maximum weight of the rotorcraft and dis-
plays that amount to the pilot on display 305.

It should be appreciated that margin between the PA and
PR may be communicated to the pilot in terms of weight
margin. For example, display 305 may include a graphic of
margin between PA and PR quantified in terms of weight
margin, the weight margin being the extra amount of weight
the rotorcraft could be carrying while still having sufficient
PA to meet the PR to hover. Certain pilots may desire to
comprehend margin between PA and PR in terms of weight,
instead of visually observing a distance between PR indicator
311 and PA indicator 313.

The system of the present application provides significant
advantages, including: (1) providing a pilot real-time data
during rotorcraft operation for deciding whether it is safe to
perform a hover; (2) allowing a pilot to maximize rotorcraft
payload; (3) allowing a pilot to operate a rotorcraft without
having to perform pre-flight hover calculations; (4) allowing
apilot to determine a hover site while operating the rotorcraft;
(5) providing a flight planning tool that accurately calculates
predicted power available and power required for a predicted
hover; (6) providing a tool that safely determines an amount
of weight a rotorcraft can carry while still having sufficient
margin between PR and PA at the hover site, (7) reducing
potential for pilot error; and (8) improving efficiency and
safety of the rotorcraft.

The particular embodiments disclosed above are illustra-
tive only, as the application may be modified and practiced in
different but equivalent manners apparent to those skilled in
the art having the benefit of the teachings herein. Further-
more, no limitations are intended to the details of construction
or design herein shown, other than as described in the claims
below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such
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variations are considered within the scope and spirit of the
application. Accordingly, the protection sought herein is as
set forth in the claims below. It is apparent that a system with
significant advantages has been described and illustrated.
Although the system of the present application is shown in a
limited number of forms, it is not limited to just these forms,
but is amenable to various changes and modifications without
departing from the spirit thereof.

What is claimed is:

1. A power safety instrument configured to provide power
information in an aircraft, the aircraft including a powerplant,
the power safety instrument comprising:

a display;

a calculation unit for calculating a power required to oper-
ate the aircraft in a hover flight mode, the calculation unit
being configured to default to calculating the power
required based upon out-of-ground effect (OGE) perfor-
mance data;

a power required indicator located on the display, the
power required indicator being configured to communi-
cate the power required to operate the aircraft in a hover
flight mode;

a power available indicator located on the display, the
power available indicator being configured to commu-
nicate a power available of the powerplant in the aircraft;
and

an input device for allowing a user to instruct the calcula-
tion unit to use in-ground effect (IGE) performance data
for calculating the power required to operate the aircraft
in the hover flight mode.

2. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power required
based on one or more variables that each at least partially
impact the power required to operate the aircraft at a hover.

3. The power safety instrument according to claim 2,
wherein at least one of the variables is at least one of the
following: a current outside air temperature, a current pres-
sure altitude, and a current aircraft weight.

4. The power safety instrument according to claim 3,
wherein the current aircraft weight is calculated based upon a
change in the amount of fuel carried in the aircraft.

5. The power safety instrument according to claim 3,
wherein the current aircraft weight is calculated based upon a
change in a load carried by a cargo hook on the aircraft.

6. The power safety instrument according to claim 3,
wherein the current aircraft weight is calculated based upon a
change in a munitions load carried by the aircraft.

7. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power required to
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operate the aircraft in the hover flight mode based upon pro-
cessing at least one measured variable in a hover performance
equation.

8. The power safety instrument according to claim 1,
wherein a position of the power required indicator is
restricted by a weight-altitude-temperature (WAT) calcula-
tion.

9. The power safety instrument according to claim 8,
wherein the WAT calculation is calculated by an aircraft
weight measurement, a pressure altitude measurement, and
an outside air temperature measurement.

10. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power available
based on one or more variables that are each at least partially
indicative of the power available of the powerplant in the
aircraft.

11. The power safety instrument according to claim 10,
wherein at least one of the variables is at least one of the
following: a current outside air temperature measurement, a
generator load measurement, a pressure altitude measure-
ment, and an engine bleed air measurement.

12. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power available
based upon whether an engine in the powerplant is rated
differently than a min-spec engine.

13. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power available
based upon a power assurance check, the power assurance
check being configured to test a performance of the power-
plant.

14. The power safety instrument according to claim 13,
wherein the power assurance check results in a pass/fail read-
ing.

15. The power safety instrument according to claim 1,
wherein the calculation unit calculates the power available
based in part upon a particular air inlet configuration.

16. The power safety instrument according to claim 1,
further comprising:

apower usage needle configured to communicate real-time

power usage.

17. The power safety instrument according to claim 1,
wherein the power safety instrument is configured to operate
in a flight planning mode such that a position of the power
required indicator represents a predicted power required to
perform the aircraft in a predicted hover maneuver, and a
position of the power available indicator represents a pre-
dicted power available from the powerplant in the aircraft
during the predicted hover maneuver.

18. The power safety instrument according to claim 1,
wherein a margin between a first position of the power
required indicator and a second position of the power avail-
able indicator represents surplus power above that required to
perform the hover flight mode.
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